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K. Hallsworth and M. Trenell

16.1 Introduction

Even though physical activity and exercise are recommended as part of treatment
for NAFLD [1, 2], there have been no large-scale studies with adequate statistical
power to guide health practitioners in prescribing exercise programmes or for gen-
erating physical activity guidelines for the management of these patients. Evidence
for the benefit of physical activity comes from prospective studies showing that indi-
viduals who maintain a physically active lifestyle are less likely to develop insulin
resistance (IR), impaired glucose tolerance, or type 2 diabetes [3—6]. Physical activ-
ity levels have been shown to be lower in people with NAFLD than their “healthy”
counterparts [7—10], and links have been made between low cardiorespiratory fit-
ness and NAFLD severity [11, 12].

Being physically inactivity is not just a lack of physical activity, but rather a
distinct behaviour in itself, often called “sedentary behaviour.” This is becoming a
growing problem in the general population [13], and low levels of physical activity
are compounded by an increase in physical inactivity. Sedentary behaviour, includ-
ing activities such as sitting, is reported to be higher in people predisposed to the
metabolic syndrome, excessive adiposity, and type 2 diabetes [14—17] and has been
shown to be higher in NAFLD [10]. Consequently, increases in sedentary time
could play a potential role in the development of or predisposition towards NAFLD,
independent of physical activity/exercise and needs to be considered when introduc-
ing lifestyle interventions.
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16.2 Physical Activity, Exercise and Metabolic Health

Although much attention has historically been given to the role of nutrition in
the management of obesity and NAFLD, emerging evidence suggests that energy
expenditure also plays an integral role in adequate metabolic control. Our everyday
lives consist of activities which, without us paying conscious effort, have a profound
impact upon our health and well-being. Activities related to energy expenditure can
typically be broken into four distinct categories throughout the day: (1) sedentary
behaviour or inactivity, (2) physical activity, (3) exercise and (4) sleep.

Sedentary behaviour is not simply a lack of physical activity but is a cluster of
individual behaviours where sitting or lying is the dominant mode of posture, and
energy expenditure is very low. The definition of being sedentary or physically inac-
tive is controversial. Some groups define inactivity as expending less than 1.5 kcal/
kg/day in leisure physical activities (National Population Health Survey of Canada:
www.hc-sc.gc.ca/fn-an/surveill/nutrition/population/index-eng.php), while the UK
National Obesity Forum indicates that 30006000 steps/day is sedentary or inac-
tive (www.national obesityforum.org.uk). In the US National Health Interview
Survey, adults were classified as sedentary if they did not report any sessions of
light to moderate or vigorous leisure-time physical activity of at least 10 min a
day (www.cdc.gov/nchs/nhis). Sedentary behaviours are multi-faceted and might
include behaviours at work or school, at home, during transport and in leisure time.
Typically, key sedentary behaviours include screen time (TV viewing, computer
use), motorised transport and sitting.

Physical activity is defined as “any bodily movement produced by contraction
of skeletal muscles and resulting in energy expenditure above the basal level” [18]
and constitutes many of the activities carried out as part of the daily routine. The
term “physical activity” should not be confused with “exercise.” Exercise is a sub-
category of physical activity in which planned, structured, and repetitive bodily
movements are performed to maintain or improve physical fitness. Physical activity
includes exercise as well as other activities which involve bodily movement and
are done as part of playing, working, active transportation, house chores and recre-
ational activities.

Physical activity can be defined in terms of its metabolic equivalent (MET)
level, a physiological measure expressing the energy cost of the task. It is defined
as the ratio of metabolic rate (and therefore the rate of energy consumption) dur-
ing a specific physical activity to a reference metabolic rate, set by convention to
3.5 mL-O,kg™"min~! or equivalently 1 kcal-kg=' h=! or 4.184 kJ-kg~' h~! [19]. One
MET is considered as the resting metabolic rate (RMR) measured during quiet sit-
ting. Activities of less than 3 METs are classed as “light” (e.g. desk work, watch-
ing television, slow walking), 3—6 METs as “moderate” (e.g. walking at 3—4 mph,
cycling less than 10 mph), and over 6 METs as “vigorous” (e.g. running, circuit
training).

With sleep playing an important role in physiological and cognitive well-being,
alongside the large proportion of our lives which is spent asleep, it is not surprising
that variations in sleep, whether duration or pattern, influence metabolic and mental
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health. Cross-sectional and prospective cohorts reveal that self-reported sleep dura-
tion of less than 7 h is associated with an excess risk of cardiovascular disease (up
to 33%), type 2 diabetes and all-cause mortality [20, 21].

16.3 Sedentary Behaviour and Metabolic Control

Sedentary behaviour, also referred to as physical inactivity, holds strong epidemio-
logical, physiological and molecular relationships with the development of over 30
long-term conditions [22]. Subtle changes in sedentary behaviour may contribute to
obesity and metabolic disorders, potentially as much as lack of moderate—vigorous
physical activity. Both TV sitting (a reliable marker of overall sedentary behav-
iour) and physical activity are associated with cardio-metabolic health when viewed
separately [23, 24] or together [25]. Beyond cardio-metabolic health, 3+ h of daily
sitting is linked to all-cause mortality (RR 1.30; 95% CI, 1.06-1.56) [23]. Sedentary
behaviour, including activities such as sitting, is reported to be higher in people
predisposed to the metabolic syndrome, excessive adiposity and type 2 diabetes
[26]. In addition, prospective studies show that a change in TV viewing over 5 years
was associated with waist circumference and clustered cardio-metabolic risk score,
independent of physical activity [27]. Even if adults meet the public health guide-
line for leisure-time physical activity, they may have a high risk of becoming over-
weight or developing metabolic disorders if they spend a large amount of time in
sedentary behaviours during the rest of the day [28].

Increasing sedentary behaviour is becoming a growing problem in the general
population [13], and low levels of physical activity are compounded by an increase
in physical inactivity. One of the seminal studies linking everyday physical inactiv-
ity with adverse health showed that people with jobs that involve a lot of sitting (e.g.
bus drivers) had double the incidence of cardiovascular disease as those whose jobs
include more standing and walking activities (e.g. bus conductors) [29]. The most
direct effect of sitting still is that the work performed by the large skeletal muscles
in the legs, back and trunk required for upright movement decreases. Sitting for pro-
longed periods also causes the loss of opportunity for cumulative energy expendi-
ture resulting from the thousands of intermittent muscular contractions throughout
the day [30]. Sedentary behaviours involving sitting or lying down are characterised
by a low MET value of less than 2, and lower mean daily MET levels are related
adversely to metabolic biomarkers and to poorer health outcomes [28]. A recent
study by Hallsworth et al. [10] found average daily MET levels were significantly
lower in patients with NAFLD when compared to healthy controls.

The majority of the general population are unaware of the potential insidious
dangers of sitting too much or the possible benefits of at least maintaining daily
low-intensity intermittent non-exercise activity throughout the day. Often, these
non-exercise activities occur subconsciously. Energy expenditure of “standing
workers” (e.g. shop assistants) was approximately 1400 kcal/day, for work involv-
ing some manual labour around 2300 kcal/day, whereas seated workers burned only
around 700 kcal/day. More than 90% of the calories burned during all forms of
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physical activity were due to this pattern of standing and non-exercise ambulatory
movements [30]. The frequency and cumulative duration of non-exercise activity
throughout the day is extremely high. People perform intermittent bouts of non-
exercise activity throughout most of the day, 7 days/week, 365 days/year. In con-
trast, the frequency of exercise is more limited, generally to less than 150 min/week.
Given the broader opportunities and implications for daily low-intensity activity, it
is possible that maintaining this level of activity has greater implications for health
and well-being than moderate—vigorous physical activity for those who do not pre-
fer more structured exercise.

Classically, there are three components of human daily energy expenditure
(Fig. 16.1): basal metabolic rate (BMR), the thermic effect of food and activity
thermogenesis. BMR is the energy required for the core bodily functions and is
measured at complete rest while fasted. It accounts for about 60% of daily energy
expenditure in a sedentary person. Nearly all of its variability is accounted for by
body size, or more precisely lean body mass, with bigger and/or leaner people hav-
ing a higher BMR. The thermic effect of food is the energy expended in response
to a meal and is that associated with digestion, absorption and fuel storage. This
accounts for about 10% of daily energy needs and does not vary greatly between
people. The remaining component activity thermogenesis can be subdivided into
exercise and non-exercise activity thermogenesis (NEAT) which incorporates gen-
eral, everyday activity. NEAT is the most variable component of human expenditure,
and may be the easiest to manipulate for health benefits. NEAT varies between two
people of similar size by 2000 kcal/day because of people’s different occupations
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Fig. 16.1 Components of total daily energy expenditure [31]
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and leisure-time activities [31]. Occupations that involve physical labour, such as
farming, confer higher NEAT values than those that involve more sedentary work.
Variability in leisure activities also affects NEAT—those people that choose to sit
in the evening watching the television exhibit lower NEAT than those that are out
walking the dog. Obesity is associated with low NEAT; obese individuals stand and
ambulate for 2.5 h/day less than lean sedentary controls [16]. If we can attempt to
address this, either at an individual level by encouraging the person to move more,
or at an environmental/societal level by ensuring there are more opportunities to
stand/walk throughout the day, then we may have a positive impact on obesity levels
and metabolic control.

The links between sedentary behaviour and metabolic health extend beyond the
total amount of time spent inactive. Healy et al. [15] report that more interruptions
in sedentary time were associated with a decrease in metabolic risk factors. This
suggests that it is not only the amount of sedentary time that is important but also
the manner in which it is accumulated. As sedentary time comprises a large propor-
tion of waking hours (over 50% for most people—[30]), small changes regarding
the interruption of this with regular, short breaks of light-intensity activity could be
incorporated across numerous settings and workplaces, increasing NEAT, result-
ing in beneficial metabolic effects [31]. Regular participation in moderate—vigor-
ous intensity exercise should still be promoted as the predominant physical activity
message. However, encouraging a reduction in sedentary time through increasing
light-intensity day-to-day activity may be another important public health message
for reducing obesity and overall metabolic risk [15, 31]. Encouraging our patients
with NAFLD to have regular breaks from sitting throughout the day, especially
if they hold a sedentary job, will enhance their daily NEAT levels and increase
their calorie expenditure. This is an important therapeutic message to relay to our
patients with NAFLD regardless of their disease severity.

Researchers hypothesise that signals harming the body during high levels of
physical inactivity are different from those that boost health above normal after
exercising regularly [32, 33]. Lipoprotein lipase (LPL) is the first protein directly
interacting with and regulating lipoproteins to be studied at the cellular level dur-
ing physical inactivity. Physical inactivity has a powerful effect on suppressing
LPL activity in skeletal muscle, the rate-limiting enzyme for the hydrolysis of
triglyceride-rich lipoproteins [34]. Local contractile activity and/or inactivity is the
major physiological variable regulating LPL function within the skeletal muscle,
and a localised reduction in contractile activity is a potent physiological factor
reducing LPL activity. Low LPL function has been linked with blunted triglyceride
uptake in skeletal muscle and reduced plasma HDL cholesterol levels.

Increased skeletal muscle LPL has been reported following short-term exercise
training [32]. LPL activity was measured in six muscles after intensive training
for 2 weeks. Exercise increased LPL activity 2- to 2.5-fold in the least oxidative
regions of the leg muscle (fast-twitch white fibres), whereas the most oxidative
(slow-twitch red fibres) postural leg muscles that already had high LPL due to non-
exercise activity did not display any further increase in LPL after training [30].
LPL activity is generally much greater in the red oxidative muscle types than in the
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white glycolytic muscles. By removing the normally high level of postural support
by oxidative muscles, this abolished the difference of LPL activity between muscle
fibre types. This suggests that the difference in LPL activity between fibre types
is primarily due to the level of recruitment in normal daily activity [33] and thus,
local changes in metabolism during even light-moderate contractions are the most
important physiological stimulus for LPL regulation in skeletal muscle.

There is a growing body of evidence reporting that the majority of people at risk
of developing the metabolic syndrome, obesity, NAFLD and type 2 diabetes spend
excessive amounts of time inactive and have low levels of NEAT [10, 14—17]. These
results are real and applicable to our everyday lives, with one study reporting that
with every 1 h increase of television viewing per day that there was a 26% increase
in the prevalence of metabolic syndrome [14]. The magnitude of the negative effect
of television watching was about the same as the positive health benefit derived
from the 30 min of extra physical activity/exercise recommended to improve health.
Given the balance between the negative health consequences of physical inactiv-
ity and the modest positive effects of exercise in comparison, it is important to
identify both activity and sedentary behaviour in developing clinically meaningful
interventions.

16.4 Sedentary Behaviour and NAFLD

Increases in sedentary time could play a potential role in the development of
NAFLD and, in turn, provide a potential avenue for therapy. Current physical inac-
tivity physiology would suggest that a reduction in LPL activity, as a result of fewer
cumulative muscle contractions throughout the day, could predispose to NAFLD
through the resultant circulatory hyperlipidaemia. An increase in circulating fatty
acids, with fewer being hydrolysed as lipoproteins, will lead to an increased deliv-
ery of circulating fatty acids to the liver and hence predisposition to or progression
of NAFLD. Increasing circulating fatty acids also exacerbates IR [35] and hyperin-
sulinaemia which could subsequently increase de novo lipogenesis within the liver.
A high level of sedentary behaviour reduces NEAT energy expenditure increas-
ing the risk of a person becoming overweight/obese which is linked to NAFLD
predisposition.

Targeting a reversal of sedentary behaviour may provide an additional thera-
peutic avenue to complement physical activity and exercise guidelines. Decreasing
overall sedentary time and increasing breaks throughout the day could be a useful
therapeutic message to relay to people with NAFLD, and may be perceived as being
more achievable by patients initially than increasing physical activity levels. Any
means of increasing NEAT, whether it be at work or during leisure time, may exert
positive metabolic benefits. There is limited but promising evidence from prospec-
tive cohort studies that identify sedentary behaviour as an independent risk factor
for NAFLD [36].
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16.5 Physical Activity and Metabolic Control

General health guidelines promote at least 150 min/week of moderate—vigorous
leisure-time physical activity or 10,000 steps per day for the primary prevention
of cardiovascular disease and decreasing the risks for metabolic diseases [37-39].
However, the majority of people in the general population do not follow this pre-
scription for enough moderate—vigorous exercise, and this may be contributing to
the rising numbers of people being affected by obesity, type 2 diabetes and NAFLD.

Evidence for the benefit of physical activity comes from studies showing that
individuals who exercise and maintain a physically active lifestyle are less likely
to develop IR, impaired glucose tolerance or type 2 diabetes [3—6]. Physical activ-
ity appears to result in insulin-receptor upregulation in muscle tissue increasing
delivery of glucose and insulin to the muscles, and translocation of GLUT4 to the
muscle cell membrane, enhancing non-insulin-dependent glucose uptake [8, 40,
41]. Exercise also has a beneficial effect on NEFA metabolism by enhancing whole-
body lipid oxidation [42, 43] and favourably affects overall lipid profile [40, 44],
reducing the risk of cardiovascular disease. Physical activity, including exercise,
has been shown to improve mitochondrial number and density in skeletal muscle
[45]. This results in an increase in oxidative capacity which enhances fat oxidation.
Physical activity offers an insulin-independent way of aiding glucose homeostasis
in the face of IR and promotes fat oxidation, thus reducing hyperlipidaemia, all
of which is key in the prevention and management of metabolic disorders includ-
ing NAFLD.

16.6 Physical Activity and NAFLD

Physical activity levels are reported to be lower in people with NAFLD than their
“healthy” counterparts. A cross-sectional study of Japanese men showed that the
prevalence of NAFLD was inversely related to the frequency of self-reported exer-
cise [7]. Those people that exercised for more than 30 min/day on at least 3 days/
week were half as likely to have NAFLD as their sedentary counterparts, despite
a similar BMI. In a subsequent cross-sectional report, these observations were
expanded to state that people without fatty liver engaged in nearly three times more
resistance activity than people with NAFLD [8]. Among the NAFLD group, those
that engaged in physical activity of any kind or duration had lower fasting serum
insulin levels and a lower rate of abdominal obesity even though they had a simi-
lar BMI to their inactive counterparts. However, in both of these studies, physical
activity levels were obtained from self-reported, non-validated, physical activity
questionnaires developed for the purpose of the research, rather than being objec-
tively measured. Perseghin et al. (2007) demonstrated that a higher level of habitual
physical activity is associated with a lower level of liver fat and suggested that
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this relationship may be due to the effect of exercise per se (n = 191) [9]. Again,
this study relied upon self-reporting of physical activity levels rather than using an
objective measure, but did use a questionnaire validated for use in the general popu-
lation. A recent study that used a multi-sensor array to measure activity levels in
NAFLD revealed that people with NAFLD spent more time physically inactive and
achieved lower levels of physical activity than their healthy counterparts on a day-
to-day basis [10]. People with NAFLD not only carried out a lower average level
of physical activity but also undertook less moderate and vigorous activity than
people without NAFLD. The lower levels of these higher intensity activities may
have implications as the intensity of the activity may also play a key role in improv-
ing metabolic control. Increasing physical activity levels in people with NAFLD
is likely to be of benefit, not only to liver health, but overall metabolic profile, and
should be encouraged in a bid to prevent NAFLD progression, the development of
type 2 diabetes or cardiovascular disease.

16.7 Exercise and NAFLD

Exercise is one of the cornerstones of NAFLD and NASH management although the
evidence underpinning this is still in its infancy compared to other conditions (type
2 diabetes for example). This is likely the product of studies combining diet and
exercise interventions until recently. Indeed, in 2012 two independent systematic
reviews could only identify a maximum of six studies that had undertaken ran-
domised control trials to explore the effects of exercise on liver fat in people with
NAFLD [46, 47]. A more recent systematic review in 2017 was able to identify 24
exercise studies, showing the rapid increase in work in this area [48]. These reviews
reveal that exercise, without weight loss, produced a 20-30% relative reduction in
intrahepatic lipid.

Different forms of exercise (aerobic, resistance/strength training or high-intensity
intermittent training) appear to have similar effects on liver fat [46-49]. More vig-
orous aerobic exercise does not hold additional benefit for liver fat compared with
moderate aerobic exercise [50, 51]. However, it should be noted that all exercise
trials are still small and have a wide range of variability in terms of their protocol
intensities. The studies to date have been relatively short, lasting in the main between
8 and 12 weeks. Longer-term studies are starting to be published and reveal that if
patients continue to exercise for 12 months, the benefits remain [52]. However, if
patients do not continue to exercise, the benefits are lost [53]. Moreover, further
studies should take into account genetic background of the patients and its influence
on response to physical activity. Indeed, PNPLA3 seems to influence response to
lifestyle intervention. Patients bearing unfavourable genotype GG did respond bet-
ter than patients with genotype CC or CG [54].

The mechanisms underlying the change in liver fat following exercise in NAFLD
reflect changes in energy balance, circulatory lipids and insulin sensitivity. Much of
the early work in exercise in NAFLD has been debated as exercise was accompa-
nied by either dietary changes or diet-induced weight loss leaving the question of
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whether there is an exercise-only effect. More recent, better-controlled studies are
able to not only demonstrate that there is an exercise-only effect on liver fat but also
begin to explore the underlying mechanisms. Exercise has little effect on hepatic
insulin sensitivity, but does improve peripheral insulin sensitivity [55] producing a
net improvement in insulin action and as a consequence, reducing hepatic de novo
lipogenesis. It should be noted that the direct benefits of exercise on glycaemic
control are significant, but modest even in people with impaired glucose control
[5]. However, tracer studies also show that exercise has a direct effect on lipid flux,
with an increase in VLDL clearance contributing to the reduction in liver fat with
exercise [56], so not all of the changes in liver fat are attributable to insulin sensitiv-
ity alone.

Exercise alone, in the absence of any change in body weight or composition, may
enhance insulin sensitivity and glucose homeostasis. Exercise, or muscle contrac-
tion per se, provides an insulin-independent way of stimulating glucose uptake from
the circulation into skeletal muscle. As the muscle contracts, GLUT4 transporters
translocate to the muscle cell wall increasing the capacity for glucose uptake [8].
A larger mass of skeletal muscle, as a consequence of exercise, increases overall
glucose storage capacity. Exercise also enhances fatty acid metabolism by enhanc-
ing whole-body lipid oxidation [42, 43]. Thus, in people who are IR or have type 2
diabetes, exercise provides a way of improving glycaemic control.

In patients with type 2 diabetes, skeletal muscle mitochondria are reduced in
size, and there is reduced activity of the electron transport chain [57]. Mitochondria
are normally adaptable organelles and in skeletal muscle in healthy individuals
there is considerable plasticity in terms of mitochondrial content, allowing the
muscle to adapt to match energy demands of physical activity [45]. Endurance
training increases fat oxidation during submaximal exercise. Mild or moderate-
intensity exercise (25-65% of VO,max) is associated with a five- to tenfold increase
in fat oxidation above resting amounts because of increased energy requirements of
muscle and enhanced fatty acid availability [58]. Several factors contribute to this
adaptive response: increased density of the mitochondria in the skeletal muscles,
which increases the capacity for fat oxidation; a proliferation of capillaries within
skeletal muscle, which enhances fatty acid delivery to muscle; an increase in carni-
tine transferase, which facilitates fatty acid transport across the mitochondrial mem-
brane, and an increase in fatty acid binding proteins, which regulate myocyte fatty
acid transport [58, 59]. In people with type 2 diabetes, mitochondria were found
to increase both in size and density after a 4-month lifestyle intervention of daily
moderate—intensity exercise with moderate weight loss [45]. Increased fatty acid
oxidation during endurance exercise permits sustained physical activity and delays
the onset of glycogen depletion and hypoglycaemia.

Although not the liver itself, there is an important reduction in visceral adipose
tissue with exercise. Visceral fat has been directly linked with liver inflammation
and fibrosis, independent of IR and hepatic steatosis [60]. The precise mechanism
of how visceral fat applies its detrimental effects on liver metabolism, fibrotic
and inflammatory consequences remains unclear although influx of fatty acids
and synthesis of cytokines and adipokines have been shown to promote liver fat
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Benefits of exercise in NAFLD

A
) . | o wo) R

FE,

oy

.__,I

Changes in the liver Changes to cardiovascular system

Torsion # =myocardial damage &
EDV # =preload #

Ca* handling # =SV & +EV &
FMD 4 =O0?%supply #

& Peripheral insulin sensitivity # = de novo lipogenesis 4
@ Visceral fat & = lipid supply to liver g
€ VLDL clearance 4 = lipid storage #

cooce

Fig. 16.2 Benefits of exercise and physical activity in NAFLD: changes in the liver and changes
to cardiovascular system

accumulation, IR and inflammation [60]. There is much that is not known in the
field of exercise and NAFLD, including the effect of exercise on inflammation (a
key mediator in the progression of NAFLD), effect on gut microbiota and appetite
for a start. However, given that people with NAFLD are at nearly double the risk
of developing cardiovascular disease than those without [61], the beneficial effects
of exercise on cardiovascular function [62] should be explored further. Indeed, it is
possible that the major benefits for exercise in NAFLD are not in the liver, but in
improving cardiovascular function. A schematic representation of the mediators of
response to exercise in NAFLD can be seen in Fig. 16.2.

16.8 Aerobic Exercise and NAFLD

Aerobic exercise, sometimes referred to as cardio or cardiovascular exercise, is
any activity that uses large muscle groups and can be maintained continuously
over a period of time. It is generally rhythmic in nature and is a type of exercise
that overloads the heart and lungs and causes them to work harder than at rest
[63]. Multiple studies have highlighted the benefits of aerobic exercise, in NAFLD
independent of weight loss [46—48]. The protocols used in these studies largely
follow the guidelines for physical activity prescription in the general population
of 150 mins moderate-to-vigorous intensity exercise per week [37, 38] and utilise
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a combination of static cycling, walking/jogging and circuit-based exercise. For
a large proportion of patients with NAFLD, these exercise levels may be too high
a target to be aiming for initially as their baseline levels are significantly lower
than this [10]. This is not surprising as figures from the Health Survey for England
show that only 67% of men and 55% of women in the general population meet
theses exercise targets. One barrier to exercise people often site is lack of time.
High-intensity intermittent training (HIIT) is a relatively new method of exercis-
ing. HIIT consists of exercise divided into high-intensity bouts interspersed with
recovery periods and can provide comparable or greater benefits to cardiorespira-
tory fitness than continuous moderate—intensity exercise of longer duration [64].
Studies have found that some volunteers prefer HIIT to continuous exercise rou-
tines as it is less time consuming [65, 66]. HIIT has also been shown to improve
liver fat and cardiac function in patients with NAFLD [49] and is another option
to offer patients in the clinical setting. It is worth noting that more vigorous aero-
bic exercise does not hold additional benefit for liver fat compared with moderate
aerobic exercise [50, 51]—the majority of patients with NAFLD would benefit
from a combined exercise approach, which targets not only liver health but also
type 2 diabetes and CVD risk. Ultimately, exercise prescription for our patients
with NAFLD should be individualised to promote adoption and long-term adher-
ence to the exercise regimen and should take into consideration patients’ other
comorbidities, their baseline capabilities and personal preferences [67].

16.9 Resistance Exercise and NAFLD

Resistance exercise, often known as strength or weight training, works the muscles
against a load. Resistance exercise provides an alternative to aerobic exercise; it
improves muscular strength, muscle mass and metabolic control, safely and effec-
tively, in vulnerable populations independent of weight loss [68]. It places less
of a demand on the cardiorespiratory system and may therefore be accessible to
more patients [69] thus proving a particularly useful tool in the management of our
NAFLD patients with multiple comorbidities.

Evidence that resistance exercise can improve body composition is increasing,
and it is now recommended by the American College of Sports Medicine and the
American Heart Association as an integral component to any exercise programme
[70, 71]. A meta-analysis comparing aerobic training with weight training con-
cluded that weight training resulted in greater increases in fat-free mass [72]. An
increase in muscle mass may improve insulin sensitivity by increasing the available
glucose storage area, thereby reducing the amount of insulin required to maintain a
normal glucose tolerance. An increased muscle mass may also improve fat oxida-
tion due to an increase in the number of mitochondria.

Resistance exercise has been shown to decrease respiratory exchange ratio
(RER) after exercise, indicating elevated fat oxidation [70]. This reduction in RER
has been reported to last hours after a single bout of resistance exercise [71, 73].
This represents a shift towards greater fat relative to carbohydrate oxidation during
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the post-exercise period. Enhanced fat oxidation, observed as an acute response to
resistance exercise, is due to glucose sparing for the purpose of glycogen replenish-
ment, thus resulting in fatty acids being the primary substrate for energy provision
after resistance exercise.

Strenuous resistance exercise could be beneficial in weight control, not only
because of the direct caloric cost of the activity and the residual elevation of the
post-exercise VO, but also because of the greater post-exercise fat oxidation. Energy
expenditure has been found to be elevated for as long as 38 h after an acute bout of
heavy resistance exercise [74]. Results suggest that the energy required to recover
from resistance training may be of significant use to a weight control/loss pro-
gramme. For the first 24-h period following exercise, metabolism was increased by
21% and over a further 24 h by 19%. These differences could equate to 404 kcal and

* Recommendations for exercise prescription in NAFLD [67]

* Aerobic (e.g. jogging, cycling):
— 150-300 min/week of moderate-to-vigorous intensity (50-70%

VO,peak) >3 days/week

* Resistance (strength training):
— 2-3 sets of 8—12 repetitions (70-85% 1RM) 2-3 days/week

* For weight maintenance: 1 volume of exercise

* For improvement in cardiorespiratory fitness and glycaemic control: 1
intensity of exercise

369 kcal increases per day, respectively, for average build individuals [74].

16.10 Diet, Sedentary Behaviour, Physical Activity
and Exercise

Although exercise has a significant and clinically meaningful effect on liver lipid
(20-30% relative reduction), its effects are modest in comparison to weight reduc-
tion which can produce >80% reduction in liver fat [46]. This is important as,
clinically, supporting people to manage their weight through diet approaches will
produce greater changes in liver fat than exercise alone. However, completely disas-
sociating exercise and diet may not be beneficial as data suggests that cardiorespi-
ratory fitness is a determinant of response to dietary intervention in NAFLD, with
those with a greater cardiorespiratory fitness having a greater response to dietary
intervention [75]. This creates a difficult paradox where those with the lowest car-
diorespiratory fitness, who will find exercise most difficult, also have the lowest
response to diet-induced lifestyle interventions. Additionally, high levels of physi-
cal activity (i.e. 200-300 min/week) are crucial for weight loss maintenance [76],
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and since physical activity has an independent effect in NAFLD treatment, it pro-
vides another treatment option for those who have difficulties in weight loss.

16.11 Physical Activity Measurement

In order to utilise physical activity/exercise as a treatment strategy in the man-
agement of NAFLD, we need a means to accurately measure levels of sedentary
behaviour, physical activity and exercise. Sensitive and specific tools are required
to best characterise the habitual patterns of activity in our patients and to monitor
the effectiveness of lifestyle interventions. These tools may also assist clinicians
in providing accurate feedback to the patient as to their current activity levels, and
enable individual activity targets to be set, monitored and worked towards as part of
the patient’s treatment package. Several different methodologies exist for the mea-
surement and assessment of physical activity and energy expenditure (EE). These
methodologies range from expensive and objective laboratory measures such as
doubly labelled water to subjective measures such as self-reported physical activity
questionnaires. All of these tools have benefits and limitations, and their appropriate
use depends on multiple factors, especially the context in which they are being used.
The most clinically useful measures are discussed below:

Physical activity questionnaires: There are a large number of self-recall physical
activity questionnaires. The most frequently used are the Baecke and IPAQ. Self-
reported physical activity is valid [77-79] and useful in understanding broad differ-
ences in physical activity in large cross-sectional studies. However, these techniques
are not sensitive to monitor changes in activity patterns or allow accurate determi-
nation of energy expenditure (EE) and are subject to recall error [80]. They can be
useful to use on an individual patient basis to gain an estimate of current activity
levels thus allowing the clinician to open the conversation about changing activity
habits, but are not sensitive enough to detect small changes made through lifestyle
interventions.

Heart rate monitors: Heart rate monitors are routinely used to measure physi-
cal activity in both research and recreation, with an increase in heart rate used
as a surrogate marker for an increase in physical exertion. However, heart rate
monitors are only accurate in measuring moderate—vigorous activities, as in lower
intensity activities, confounding factors, such as stress, emotions, illness and caf-
feine intake, have a significant impact on results [81]. Heart rate monitors may
therefore be deemed an inappropriate technique, when used in isolation, for mea-
suring day-to-day activity which is generally of low—moderate intensity. They
also do not provide information about the type of activity or activity patterns
across the day/week.

Pedometers: Pedometers are simple devices, which use up and down motions
as estimates of steps. Pedometers provide a low-cost means of crudely measuring
physical activity. The major drawback to this method is that pedometers measure
footfalls, and thus any activity undertaken which does not involve ambulation (e.g.
weight lifting, biking, swimming) is inaccurately recorded. Pedometers also fail to
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capture intensity, frequency or duration of activity. In most cases, pedometers prove
accurate in counting steps; however, they are much less accurate in predicting EE,
with error rates of 30% [82].

Accelerometry: An accelerometer is an electromechanical device that will mea-
sure acceleration forces. Basic, uniaxial accelerometers measure acceleration of the
body or body parts in one plane and take into account the speed, direction and
duration of movements and convert these to movement counts to allow for estima-
tion of EE. Biaxial or triaxial accelerometers provide information about movement
in multiple directions, and show a better relationship to physical activity EE than
uniaxial units [83]. All accelerometers are subject to motion artefacts, and cannot
distinguish movement from activities such as driving a car, from actual “physical”
activity. Error rate for accelerometry ranges from 14 to 30% against laboratory mea-
sures [84, 85] with uniaxial units prone to the greatest recording error due to their
relative insensitivity to whole-body movement.

Multi-sensor array: Multi-sensor systems, or multi-sensor arrays, combine mea-
sures such as heart rate, accelerometry and body temperature to provide an overall
more accurate picture of physical activity patterns. Multi-sensor arrays utilise pat-
tern detection algorithms (typically determined by the respective manufacturer) to
combine physiological signals detected from the different sensors to first identify
the wearer’s context, and then apply an appropriate formula to estimate EE from the
sensor values [86]. These monitors are generally easy and comfortable to use and
have an average error rate of 8—10% when compared to laboratory measures [86, 87].

16.12 Summary

In the absence of approved pharmacotherapies for NAFLD, lifestyle change remains
the cornerstone of clinical care [88]. Structured exercise produces significant, but
modest, improvements in liver lipid [46]. Evidence-based guidelines for sedentary
behaviour and physical activity are lacking in NAFLD. General guidelines for phys-
ical activity of 150 min of moderate exercise per week or 10,000 steps per day are
good rules of thumb, based on guidelines for the primary prevention of cardiovascu-
lar disease [39]. However, the current literature cannot inform us how much sitting
is too much, we just know that it is better to sit less than to sit more. Furthermore,
it is better to have more breaks in sedentary behaviour than less [89]. Targeting a
reversal of sedentary behaviour may also provide an additional therapeutic avenue
to complement physical activity and exercise as therapies for NAFLD, but has not
been tested yet. There remains a significant lack of large-scale studies exploring
physical activity and exercise in NAFLD, with and without dietary change/phar-
macotherapy, limiting the generation of guidelines specific for NAFLD. Despite
the relative infancy of evidence, the available data suggests that physical activity
and exercise provide useful tehraputic tools for the prevention and management of
NAFLD and NASH and should be supported.
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